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(57) ABSTRACT

A coolant control valve apparatus 10 includes a main valve
11 which adjusts a flow rate of a coolant in a main channel
4 to control the flow rate of the coolant in the main channel
4. Further, the coolant control valve apparatus 10 includes a
detour channel 67 provided being diverged from the main
channel 4 so as to detour the main valve 11. The coolant
control valve apparatus 10 includes a valve main body 41
which opens and closes the detour channel 67 and a tem-
perature detection medium 42 which can open and close the
valve main body 41 according to a temperature of the
coolant. The temperature detection medium 42 is disposed in
the diverging part between the detour channel 67 and the
bypass channel 5.
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1
COOLANT CONTROL VALVE APPARATUS

TECHNICAL FIELD

The present invention relates to a coolant control valve
apparatus that controls coolant when water-cooling an
engine of a vehicle or the like.

BACKGROUND ART

With regard to an engine of a vehicle such as a car,
improvement of a warm-up performance of the engine and
improvement of a fuel efficiency by moving the engine at an
appropriate temperature and the like have been examined.
This was achieved by providing, besides a main passage
which circulates coolant between the engine and a radiator,
a bypass passage which bypasses the radiator and returns the
coolant directly to the engine. A coolant control valve was
provided in the main passage, and an opening degree of this
coolant control valve was controlled according to a coolant
temperature and other values. An amount of the coolant that
is flowing in the main passage and cooled off by the radiator
was also controlled. For example, at the engine starting or
the like, when the coolant temperature is low, warm-up of
the engine is promoted by blocking the main passage and
returning the coolant from the bypass passage directly to the
engine without allowing the coolant to pass through the
radiator. Also, for example, for controlling the temperature
of the coolant so as to optimize combustion of fuel in the
engine after the warm-up, opening and closing (the opening
degree) of the coolant control valve is controlled.

As such a coolant control valve, for example, a rotary
valve that is driven by a stepping motor or the like, and a
thermostatic valve that is moved according to a temperature
are examined. Incidentally, as the thermostatic valve, a
thermostat, a thermowax or the like that is displaced accord-
ing to a temperature is adopted, and this displacement
according to the temperature opens and closes the valve.

Herein, if, by any chance, the coolant control valve stops
its operation in the closed state, the coolant is circulated in
the engine via the bypass passage without being cooled off
by the radiator, whereby the coolant temperature is
increased. If the engine is operated as it is, the engine may
become overheated. It has been suggested to circulate the
coolant towards the radiator by a valve (other than the
coolant control valve) which is provided in a thermal
protection device that is operated when the temperature of
the coolant is increased when the coolant control valve stops
its operation in the closed state or the like (for example, see
Patent Literature 1).

That is, the valve that is provided in the thermal protection
device works as a fail-safe mechanism. Incidentally, the
valve provided in the thermal protection device is a valve
which adopts a device that is displaced according to a
temperature, for example, a thermostat, a thermowax, shape-
memory alloy, a combination of alloy that is melted at a
preset temperature with a spring or the like. When the
coolant temperature is increased to the preset temperature or
higher, the device is displaced according to the temperature
s0 as to open the valve.
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2
CITATION LIST

Patent Literature

Patent Literature 1: JP 2010-528229 W

SUMMARY OF INVENTION
Technical Problem

In Patent Literature 1, when a main control valve is in a
closed state, flow of coolant in a passage from an engine to
a coolant control valve is stopped, and similarly, flow in a
passage of a thermal protection device, diverging from the
passage from the engine to a coolant control valve, is also
stopped. Thus, a temperature gap is caused between a
temperature of the coolant that is circulated in the engine and
a temperature detected by the thermal protection device.
That is, a long gap of time is caused from a time of
increasing the temperature of the coolant in the engine to a
time of increasing the temperature of the coolant in a part of
the coolant control valve that is in the closed state. Thereby,
there occurs a problem in that the temperature of the coolant
in the engine cannot be detected appropriately by the ther-
mal protection device.

Also, in the case where there occurs a malfunction in that
the coolant control valve cannot be operated and stays in the
closed state, the engine may become overheated. In such a
situation, the coolant control valve closes the passage of the
coolant between the radiator and the engine and the coolant
that is flowing out of the engine passes through a bypass
passage and then flows into the engine again.

Since the coolant control valve is in the closed state, the
coolant is stopped in the part of the coolant control valve,
and the temperature of the coolant that is stopped in the part
of the coolant control valve is lower than the temperature of
the coolant that is circulated in the engine. There is a long
gap of time from when the temperature of the coolant in the
engine is increased to the time the temperature of the coolant
is increased in the part of the coolant control valve that is in
the closed state. In the case where a fail-safe valve, provided
in the part of the coolant control vale, is moved by the
above-described device by displacement according to the
temperature, the movement of the fail-safe valve is delayed
from the temperature change of the coolant in the engine.

Moreover, if the fail-safe valve is to be controlled accord-
ing to a temperature setting which includes, in advance, an
expected temperature distribution of the coolant in the part
of the coolant control valve and in the vicinity thereof so as
not to delay the movement of the fail-safe valve, the fail-safe
valve may be improperly opened when the fail-safe valve is
normally operated because of the thus minimized gap
between the control temperature of the coolant control valve
and the temperature at which the fail-safe valve is to be
opened. That is, if the coolant control valve is closed, the
temperature change of the coolant in the part of the coolant
control valve is delayed from that in the engine, and if the
coolant control valve is opened, the temperature change of
the coolant in the part of the coolant control valve is
substantially equal to that in the engine. However, if the
fail-safe valve is a thermostat type, since the preset tem-
perature for opening and closing the valve cannot be con-
trolled according to the situation, the fail-safe valve cannot
sufficiently correspond to the temperature change of the
coolant in the part of the coolant control valve according to
the state where the coolant control valve is closed or opened.
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The present invention is achieved in the light of the
above-described problems, and aims to provide a coolant
control valve apparatus including a valve that can be opened
from a closed state, by appropriately detecting a coolant
temperature in an engine while the coolant control valve is
closed.

Solution to Problem

To achieve the above object, a coolant control valve
apparatus of the present invention controls a flow rate of
coolant in a main channel of an engine cooling system a
main valve that controls the flow rate of coolant in a main
channel of an engine cooling system circulating the coolant
between an engine and a radiator; a detour channel diverging
from the main channel as a detour for the coolant from the
valve to flow away from the main channel; a secondary
valve moved independently from the main valve to open and
close the detour channel; and a temperature detection
medium that drives movement of the secondary valve to
open and close the detour channel, and can open and close
the secondary valve according to a temperature of the
coolant, wherein the temperature detection medium is dis-
posed in a diverging part between the detour channel and a
bypass channel of the engine cooling system directing the
coolant leaving the engine to bypass the radiator and return
to the engine.

In the present invention, by structuring the bypass channel
to pass through the temperature detection medium, the
temperature detection medium can appropriately detect the
temperature of the coolant in the engine even while the valve
is closed, and the valve can be opened. If there occurs
malfunction to the valve, and the valve cannot be opened
from the closed state, the coolant passes through the bypass
channel and is not cooled off by the radiator, so that the
temperature of the coolant is increased in the engine.
Thereby, a temperature of the bypass channel is also
increased substantially concurrently.

Herein, to the main channel, the detour channel that
detours around the valve (main valve) of the coolant control
valve apparatus and the bypass channel that bypasses the
radiator are connected. The bypass channel is separated from
the detour channel in a part where the detour channel is
diverged from the main channel. Thus, the coolant flows at
least from the part where the detour channel is diverged from
the main channel above the valve to the part of the detour
channel where the bypass channel is diverged. Since the
temperature detection medium that opens and closes the
valve main body according to the change of the temperature
is provided in the diverging part between the detour channel
and the bypass passage, even in the state where the valve is
closed, the coolant that flows in the bypass channel passes
through the part of the temperature detection medium.

Therefore, the temperature of the temperature detection
medium is increased promptly corresponding to the tem-
perature increase of the coolant in the engine due to the
malfunction of the valve. And for example, the valve main
body is opened so that the coolant flos into the main channel
by detouring around the closed valve, thereby feeding the
coolant into the radiator for cooling off. That is, the trans-
mission of the heat caused by the temperature increase in the
engine to the temperature detection medium can be pre-
vented from being delayed. Accordingly, further increase of
the temperature in the engine before the operation of the
valve main body can be suppressed.

Thereby, even if the valve is not opened due to malfunc-
tion or the like, it is possible to feed the coolant through the
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4

main channel to the radiator by corresponding to the tem-
perature increase of the coolant in the engine, so that the
coolant temperature can be decreased. Thus, overheating of
the engine can be prevented.

In the above structure of the present invention, it is
preferable that the valve is a rotary valve provided with a
rotor and includes a controlling means that controls a
rotation angle of the rotor. The controlling means includes a
power transmission mechanism having a gear train.

According to such a structure, by adopting the rotary-type
valve, the flow rate can be adjusted according to the rotation
angle of the rotor. Moreover, in order to set the flow rate to
be constant or stop the flow, the rotation angle of the rotor
is to be maintained. Further, by adopting a gear train as a
power transmission mechanism, the rotor can be held at a
constant rotation angle. Thus, electric power is not necessary
for maintaining the rotation angle of the rotor.

In addition, since the gear train is adopted as the power
transmission mechanism, the flow rate can be adjusted by
such a simple structure.

Further, in the above structure of the present invention, it
is preferable that the temperature detection medium is an
on-off valve that opens the valve main body from a closed
state according to a change of a detected temperature, and a
preset temperature for opening the on-off valve is higher
than a preset temperature range for opening the valve.

According to such a structure, in the case of setting the
coolant at a high temperature, the coolant temperature can be
adjusted by closing the coolant valve and using the tem-
perature detection medium.

Further, in the above structure of the present invention, it
is preferable that the temperature detection medium and the
valve main body are fail-safe valves that are opened from a
closed state according to a change of a detected temperature,
and are opened when the temperature of the coolant
becomes a predetermined temperature or higher.

According to such a structure, the temperature detection
medium and the valve main body are the fail-safe valves,
which are operated when the main valve is not operated in
the closed state as described above, so that the temperature
increase in the engine can be prevented. Thereby, the mal-
function caused by the temperature increase in the engine
can be prevented.

Further, in the above structure of the present invention, it
is preferable that the engine cooling system includes at least
one sub channel that circulates the coolant between the
engine and a device requiring circulation of the coolant, such
as a heater, and the valve can control a flow rate of the
coolant in the sub channel.

According to such a structure, the flow rates of the coolant
in the plurality of sub channels can be controlled by the one
valve, so that cost savings and size reduction can be
achieved more than those in a case of adopting a plurality of
such valves. Moreover, for controlling to open and close the
plurality of channels, for example, the above-described
rotary valve is preferably adopted.

Advantageous Effects of Invention

According to the present invention, the coolant control
valve apparatus can appropriately detect the temperature of
the coolant in the engine, and can open the valve even while
the coolant control valve is closed.

Moreover, since the temperature can be detected more
appropriately by the temperature detection medium, in the
case where the coolant is desired to be set at a high
temperature, the temperature can be adjusted also by the
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temperature detection medium with its opening temperature
set to be high. Further, if the valve cannot be opened due to
malfunction, since the temperature detection medium of the
fail-safe valve detects the temperature increase of the cool-
ant and opens the valve, the valve main body of the fail-safe
valve is opened without being delayed from the temperature
increase of the coolant, so that the coolant can be feed into
the radiator to be cooled off. Therefore, the temperature
increase of the coolant due to the malfunction of the valve
can be prevented, and the malfunction of the engine or the
like caused by the temperature increase can also be pre-
vented.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cooling circuit diagram illustrating an outline
of an engine cooling system that adopts the coolant control
valve apparatus of an embodiment of the present invention.

FIG. 2 is a perspective view that illustrates the coolant
control valve apparatus.

FIG. 3 is a perspective view that illustrates the coolant
control valve apparatus.

FIG. 4 is a perspective view that illustrates the coolant
control valve apparatus.

FIG. 5 is a cross-sectional view that illustrates the coolant
control valve apparatus.

FIG. 6 is a perspective cross-sectional view that illustrates
the coolant control valve apparatus.

FIG. 7 is a perspective cross-sectional view that illustrates
the coolant control valve apparatus.

FIG. 8 is a perspective cross-sectional view that illustrates
the coolant control valve apparatus.

FIG. 9 is a perspective cross-sectional view that illustrates
the coolant control valve apparatus.

DESCRIPTION OF EMBODIMENTS

Hereinafter, an embodiment of the present invention will
be described with reference to the accompanying drawings.

As illustrated in FIG. 1, an engine cooling system that
adopts a coolant control valve apparatus 10 of this embodi-
ment includes: the coolant control valve apparatus 10 that is
provided communicating with a water jacket 1a of an engine
1; a water pump 2 that is provided communicating with the
water jacket 1a so as to circulate coolant; a radiator 3 for
cooling off the coolant; a main channel 4 for circulating the
water from the water jacket 1a through the coolant control
valve apparatus 10, the radiator 3, and the water pump to
return the water to the water jacket 1a again.

Moreover, in the engine cooling system, the bypass chan-
nel 5 is provided to bypass the radiator 3, that is, the bypass
channel 5 is disposed from the coolant control valve appa-
ratus 10 to the water pump 2 without passing through the
radiator 3. Even when the coolant control valve apparatus 10
closes the main channel 4, the water from the water jacket
1a can be circulated by the water pump 2 to pass through the
bypass channel 5. Incidentally, the water pump 2 is driven by
driving force of the engine 1.

Thereby, in the case where a coolant temperature is low
at engine starting or the like, by closing the main channel 4
in the coolant control valve apparatus 10, the coolant is
heated by the heat of the engine 1 without being cooled off
by the radiator 3.

Moreover, between the coolant control valve apparatus 10
and the water pump 2, a sub channel 6a and a sub channel
7a are provided, in addition to the main channel 4 and the
bypass channel 5. The sub channel 6a passes through the
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heater 6. The sub channel 7a passes through a throttle 7 (a
water jacket for a throttle). Incidentally, each of the channels
is formed by a pipe, for example.

Also, in a vehicle, exhaust gas recirculation (EGR) may
be performed. The EGR is a technique for refluxing a part of
exhaust gas to an inlet side so as to allow an engine to
breathe the exhaust gas again, whereby a concentration of
nitrogen oxide and the like can be reduced.

The EGR valve 9 is for controlling a volume of exhaust
gas that is refluxed to the inlet side, and is cooled off by the
coolant of the engine. In this embodiment, the water pump
2 and an EGR cooling channel 9a that is connected to the
water jacket 1a are connected to the EGR valve 9 for cooling
off. In this embodiment, the EGR cooling channel 9a is
structured not to pass through the coolant control valve
apparatus 10, but may be structured to pass through the
coolant control valve apparatus 10.

Moreover, the coolant control valve apparatus 10 is
provided with a rotary main valve 11, and according to a
rotation angle of a rotor 12 of this main valve 11, flow rates
in the main channel 4 and the two sub channels 6a and 7a
can be changed (the channels can be opened and closed).
Further, according to the rotation angle of the rotor 12, for
example, while the main channel 4 is in an opened state, the
sub channel 6a for the heater 6 can be opened and closed,
and an opening degree thereof can be changed. For example,
within a range of the rotation angle of the rotor 12 that can
maintain the main channel 4 to be in the opened state, a
rotation angle that can change the opening degree of the sub
channel 6a from the closed state to the opened state is
included.

For example, the rotor 12 is provided with an opening part
that is in communication with the main channel 4 and is long
in a circumferential direction. In the state where the coolant
can pass through the opening, the rotor 12 can be rotated
from a state where the opening for the sub channel 6« is in
communication with the sub channel 6a to a state where the
opening is not in communication with the sub channel 6a.
Incidentally, the rotor 12 may be provided with a plurality of
the openings for the main channel 4 to be arranged in the
circumferential direction.

Thereby, the above-described structure can realize a state
where the main channel 4 is opened, and the sub channel 6a
may be opened or closed.

As illustrated in FIGS. 2 to 9, the coolant control valve
apparatus 10 of this embodiment includes a casing 20 that is
attached to circumference of an opening part, which is not
illustrated, of the water jacket 1a of the engine 1. The casing
20 includes: a flange part 21 having an opening 22 in a center
part thereof to be in communication with the opening part of
the water jacket 1a; a principal chamber 23 which has an
inner space to be in communication with the opening 22 of
the flange part 21 and in which the main valve 11 having the
rotor 12 is disposed; a driving chamber 24 in which a driving
means that drives to rotate the rotor 12 is disposed; an
auxiliary chamber 25 which is in communication with the
principal chamber 23 and in which a fail-safe valve (FS
valve) 40 is disposed; a main discharge part 26 which is in
communication with the principal chamber 23 and the
auxiliary chamber 25, and is connected to the main channel
4; a bypass discharge part 27 which is in communication
with the auxiliary chamber 25, and is connected to the
bypass channel 5 in a state of being diverged from the
auxiliary chamber 25; and a sub discharge part 28 that is
connected to the sub channels 64 and 7a.

In a center of the flange part 21, the rectangular opening
22 is formed, and the flange part 21 is shaped so that four
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corner parts of the opening 22 are outwardly extended, and
these extended parts are provided with through holes for
bolts that fix the flange part 21 to the water jacket 1a. Each
of'the openings 22 is in communication with the inside of the
water jacket 1a of the engine 1 as described above, and
serves as an admission port of the coolant control valve
apparatus 10.

Further, at a circumference of the opening 22 in the flange
part 21, a groove for sealant to be inserted is formed around
the opening 22.

The principal chamber 23 includes an inner space which
is provided from the opening 22 of the flange part 21 to a
base of the main discharge part 26 that is provided on an
opposite side of the opening 22 in the casing 20, and in this
inner space, the main valve 11 that includes the rotor 12 is
disposed. The rotor 12 is disposed so as to divide the inner
space into the opening 22 side, the main discharge part 26
side, and the sub discharge part 28 side. The rotor 12
includes a plurality of openings and an inner space that is in
communication with the openings. The rotation angle of the
rotor 12 can switch between: an opened state where the
opening 22 side and the main discharge part 26 side are in
communication with each other; and a closed state where the
opening 22 side and the main discharge part 26 side are not
in communication with each other. An opening degree
thereof can be adjusted according to the rotation angle of the
rotor 12.

At the same time, the rotation angle of the rotor 12 can
also switch between an opened state where the opening 22
side and the sub discharge part 28 side are in communication
with each other and a closed state where the opening 22 side
and the sub discharge part 28 side are not in communication
with each other. An opening degree thereof can be adjusted
according to the rotation angle of the rotor 12.

Incidentally, only one rotor 12 is provided, but as
described above, according to the arrangement of the open-
ing that is provided to the rotor 12, a state where the main
channel 4 is opened and the sub channel 6a is opened or
closed can also be realized. The main valve 11 includes: the
rotor 12; and a rotor containing part which has an inner
peripheral surface that is in contact with the outer peripheral
surface of the rotor 12. The rotor containing part also has
openings in the inner peripheral surface, where the openings
correspond to the respective openings of the rotor 12 and
correspond also to the main channel 4, the sub channel 6a,
and the sub channel 7a. This main valve 11 opens and closes
the main channel 4, and also opens and closes the sub
channel 64 and the sub channel 7a.

The driving chamber 24 is isolated by an isolation wall 61
that is disposed between the driving chamber 24 and the
principal chamber 23. A rotation axis 62 for rotating the
rotor 12 penetrates the isolation wall 61 and is connected to
the rotor 12 so as to drive to rotate the rotor 12. In the driving
chamber 24, a gear 63 that is provided together with the
rotation axis 62 and is rotated around the rotation axis 62 as
a rotation center. A gear attached to a motor that can control
its rotation angle (a servomotor, a stepping motor or the
like), which is not illustrated, is engaged with the gear 63
directly or indirectly via another gear so as to rotate the gear
63. That is, a gear train as a power transmission mechanism
is arranged between the rotor 12 and the motor. The rotor 12
is driven to be rotated by the motor via the gear train. Since
the gear train that is connected to the gear for driving the
motor restrains the rotation of the rotor 12, electric power or
the like is not necessary to maintain the rotation angle of the
rotor 12.

10

15

20

25

30

35

40

45

50

55

60

8

The motor is controlled by a controlling device (a con-
trolling means) which is not illustrated. Its rotation angle is
controlled, for example, by a coolant temperature that is
detected by a sensor and is input into the controlling device,
or by a room temperature in a vehicle which is related to the
heater 6 or the like. Incidentally, the communication
between the opening 22 and the main discharge part 26
comes into the opened state to cool off the coolant by the
radiator 3 basically when the coolant temperature reaches a
preset temperature or higher. It comes into the closed state
when the temperature of the coolant is lower than the preset
temperature. But, while being in the opened state, the flow
rate of the coolant is also controlled according to the coolant
temperature or the like.

Moreover, the driving mechanism for the rotor 12, such as
the motor and the gear 63, is arranged so as to be stored in
the driving chamber 24. In the driving chamber 24, a cover
64 that can be opened and closed is fastened by a screw. A
terminal part 65 that is provided with a terminal of a wiring
for transmission of electric power to the motor and trans-
mission of a control signal is disposed on this cover.

The auxiliary chamber 25 is structured to be in commu-
nication with the principal chamber 23 at the opening 22 side
of the flange part 21 (the engine 1 side) with respect to the
rotor 12, and also to be in communication with the main
discharge part 26, whereby the opening 22 and the main
discharge part 26 are in communication with each other.
Thus, the principal chamber 23 opens and closes the com-
munication between the opening 22 and the main discharge
part 26 by the main valve 11 that is provided with the rotor
12. And on the other hand, the auxiliary chamber 25 detours
around the main valve 11 so that the opening (admission
port) 22 which is in communication with the inside of the
water jacket 1a of the engine 1 and the main discharge part
(exhaust port) 26 may be in communication with each other.

This auxiliary chamber 25 serves as a detour channel 67
that allows the admission port and the exhaust port of the
coolant control valve apparatus 10 to be in communication
with each other by detouring around the main valve 11.

The FS valve 40 is disposed in the auxiliary chamber 25
that serves as this detour channel 67, and opens and closes
the detour channel 67 by which the opening 22 side and the
main discharge part 26 are in communication with each
other. The FS valve 40 is provided with: a valve main body
41 (a secondary valve) that opens and closes the detour
channel 67; a temperature detection medium 42 that includes
this valve main body 41 and drives to open and close the
valve main body 41 according to a temperature change; and
a returning spring 43 that energizes the valve main body 41
toward the open side.

As the temperature detection medium 42, for example, a
thermowax, is used, and also, a thermostat, shape-memory
alloy and the like can be adopted, as far as they can open and
close the valve at a preset temperature by their displacement
according to the temperature. When the temperature
becomes higher than the preset temperature (range), the
temperature detection medium 42 opens the valve main
body 41 so that the opening 22 and the main discharge part
26 may be in communication with each other. When the
temperature becomes lower than the preset temperature
(range), the temperature detection medium 42 closes the
valve main body 41 so as to shield between the opening 22
and the main discharge part 26. Incidentally, in the tempera-
ture detection medium 42, the thermowax is stored inside a
case, and a known mechanism for driving the valve main
body 41 corresponding to expansion and contraction of the
thermowax is incorporated.
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Incidentally, the preset temperature of the FS valve 40 is
higher than the above-described preset temperature of the
main valve 11 for opening and closing the communication
between the opening 22 and the main discharge part 26. The
temperature detection medium 42 operates to open the valve
main body 41 of the FS valve 40 when the temperature
becomes higher than the preset temperature at which the
main valve 11 opens the communication between the open-
ing 22 and the main discharge part 26.

The returning spring 43 energizes the valve main body 41
toward the open side. If, for example, the temperature
detection medium 42 is broken and the valve main body 41
becomes in a state where it can be opened and closed freely,
the returning spring 43 opens the valve main body 41.
Thereby, even when the FS valve 40 is not operated, if the
valve main body 41 is in a state where it can be opened and
closed freely, the valve main body 41 can be opened.

Further, in the auxiliary chamber 25, the bypass discharge
part 27 that is connected to the bypass channel 5 is provided
communicating with the inside of the auxiliary chamber 25.
Thus, the actual bypass channel 5 extends from the opening
22 of the flange part 21 of the casing 20 in the coolant
control valve apparatus 10, passes through the part of the
principal chamber 23 at the opening 22 side with respect to
the rotor 12, reaches the auxiliary chamber 25 of the casing
20, and is connected to a tube that is not illustrated and
constitutes a main part of the bypass channel 5 from the
bypass discharge part 27, whereby the coolant is sucked by
the water pump 2 from the bypass channel 5.

Therefore, inside the casing 20 of the coolant control
valve apparatus 10, the bypass channel 5 is provided being
diverged from the principal chamber 23 that is a part of the
main channel 4, and the detour channel 67 of the auxiliary
chamber 25 is disposed in the part where the bypass channel
5 is diverged from the main channel 4, and then, the
temperature detection medium 42 of the FS valve 40 is
disposed in the part that is to be the bypass channel 5.

Thereby, even when the main valve 11 is closed, and the
coolant is not flowing in the main channel 4, the coolant that
is flowing in the bypass channel 5 is regularly in contact with
the temperature detection medium 42, so that the coolant
which is just flowing out of the water jacket 1a of the engine
1 and has a temperature substantially equal to a temperature
inside the water jacket 1a is in contact with the temperature
detection medium 42, regardless of whether the main valve
11 is opened or closed.

Thus, since the temperature detection medium 42 is
regularly in contact with the coolant whose temperature is
substantially equal to the temperature inside the water jacket
la, when the temperature of the coolant inside the water
jacket 1a is increased to the preset temperature or higher, at
which the temperature detection medium 42 opens the valve
main body 41 from the closed state, the temperature of the
temperature detection medium 42 is also increased to the
preset temperature or higher by the coolant flowing toward
the bypass channel 5, whereby the valve main body 41 can
be opened. Also, in the case where the coolant temperature
is decreased, the temperature of the temperature detection
medium 42 is similarly decreased to the preset temperature
or lower by the coolant flowing toward the bypass channel
5, whereby the valve main body 41 is closed.

Incidentally, according to the conventional structure, in
the case of disposing the FS valve having the temperature
detection medium into the coolant control valve apparatus,
when the coolant control valve apparatus is in the closed
state, all of the coolant in the coolant control valve apparatus
is not flowing and is stopped. Thus, the temperature is not
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transmitted by the flow of the coolant, and heat is transmit-
ted via the casing of the coolant control valve apparatus
which is fixed to the water jacket 1a and by the coolant that
is not flowing therein. Then, the FS valve 40 is operated
according to this transmitted heat, so that the operation of
the FS valve 40 is delayed from the change of the coolant
temperature inside the water jacket 1a.

On the other hand, according to this embodiment, the
temperature of the coolant inside the water jacket 1la is
transmitted swiftly to the temperature detection medium 42
of the FS valve 40 by the coolant that is flowing out of the
water jacket 1a toward the bypass channel 5, whereby the FS
valve 40 can be operated swiftly corresponding to the
temperature change of the coolant inside the water jacket 1a.

The main discharge part 26 is in communication with the
principal chamber 23 which is a part of the main channel 4
as described above and is opened and closed by the main
valve 11 having the rotor 12, and also, is in communication
with the auxiliary chamber 25 which is in communication
with the detour channel 67 and is opened and closed by the
FS valve 40, thereby discharging the coolant that is flowing
out of the water jacket la via the principal chamber 23
and/or the auxiliary chamber 25 to a tube that constitutes the
main channel 4.

Moreover, the sub discharge part 28 is provided at a
position corresponding to the rotor 12 (the main valve 11) in
the principal chamber 23, and discharge pipes 71 and 72 are
opened and closed respectively, according to positional
relationships between: openings for the respective discharge
pipes 71 and 72 which are formed in an isolation wall
between the principal chamber 23 and the sub discharge part
28; and an opening for the sub discharge part 28 which is
formed in the rotor 12 of the main valve 11.

In such a coolant control valve apparatus 10, even in a
state where, since the main valve 11 is closed, the coolant is
not basically flowing in the coolant control valve apparatus
10, the coolant is regularly flowing in the part of the
temperature detection medium 42 due to the bypass channel
5 that is diverged at the part of the temperature detection
medium 42 of the FS valve 40 as described above, and the
coolant temperature inside the water jacket 1a of the engine
1 is transmitted swiftly by this coolant, whereby the FS
valve 40 can be opened and closed corresponding to the
change of the coolant temperature inside the water jacket.

That is, if, although the coolant temperature inside the
water jacket 1a reaches the preset temperature at which the
main valve 11 opens the main channel 4, the main channel
4 is not opened due to malfunction of the main valve 11. And
further, the coolant temperature inside the water jacket 1a is
increased to reach the preset temperature for opening the FS
valve 40 The FS valve 40 becomes opened in a short period
of time, whereby the temperature control of the coolant
inside the water jacket can be stable.

Incidentally, in the above-described embodiment, only the
main valve 11 normally controls the flow rate of the coolant
in the main channel 4. But, in addition to the main valve 11,
the FS valve 40 may be normally used for controlling the
flow rate. For example, an upper limitation may be added to
the preset temperature for opening the main valve 11, and
the main valve 11 may be closed when the coolant tempera-
ture reaches the upper limitation of the preset temperature.
And further, the FS valve 40 may be opened at a temperature
that is substantially equal to this upper limitation of the
preset temperature.

Incidentally, the control of the timing for switching
between the main valve 11 and the FS valve 40 can be set
freely, so that, for example, the opening degree of the main
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valve 11 may be decreased at a temperature before reaching
the upper limitation of the preset temperature, and the FS
valve 40 may be opened at this temperature.

In this case, the flow rate of the coolant at lower tem-
peratures is controlled by the main valve 11, and the flow
rate at higher temperatures is controlled by the FS valve.
Basically, while the temperature of the coolant is low, for
example, at engine starting or the like, the flow rate of the
coolant is controlled by opening and closing the main valve
11. And while the temperature of the coolant in the engine
is higher than the preset temperature, for example, during
travelling, the main valve 11 is held closed, and the FS valve
40 is opened and closed according to the change of the
temperature detection medium 42 by the temperature so as
to control the flow rate of the coolant, thereby controlling the
coolant temperature. For example, when the coolant tem-
perature is decreased due to a change of an outside air
temperature, a change in travelling speed (including an
idling time, while the speed is zero) or the like, the FS valve
40 is closed. At this time, the main valve 1 is maintained in
a desired state of closing. In this case, after the period of
engine starting while the coolant temperature is low, the
main valve 11 is maintained closing the main channel 4, but
the sub channels 6a and 7a are opened and closed by the
main valve 11. In the above-described case, the FS valve 40
functions as a valve for controlling the coolant temperature,
and for example, in the coolant control valve apparatus 10,
the main valve 11 functions as a valve for the low tempera-
tures, and the FS valve 40 functions as a valve for the high
temperatures.

As described above, by decreasing the working time of
the main valve 11, the lifespan of the main valve 11 can be
extended.
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The invention claimed is:

1. A coolant control valve apparatus comprising:

a main valve that controls the flow rate of coolant in a
main channel of an engine cooling system circulating
the coolant between an engine and a radiator;

a detour channel diverging from the main channel as a
detour for the coolant from the valve to flow away from
the main channel;

a secondary valve moved independently from the main
valve to open and close the detour channel; and

a temperature detection medium that drives movement of
the secondary valve to open and close the detour
channel, and can open and close the secondary valve
according to a temperature of the coolant,

wherein the temperature detection medium is disposed in
a diverging part between the detour channel and a
bypass channel of the engine cooling system directing
the coolant leaving the engine to bypass the radiator
and return to the engine,

wherein the coolant is regularly flown out of the engine,
and the temperature detection medium is in the bypass
channel,

wherein the coolant that is flown in the bypass channel is
regularly in contact with the temperature detection
medium,

wherein the main valve is a rotary valve provided with a
rotor and includes a controlling means that controls a
rotation angle of the rotor,

wherein the controlling means includes a power transmis-
sion mechanism having a gear train, and

wherein the secondary valve is a fail-safe valve that is
driven by the temperature detection medium to be
opened from a closed state according to a change of a
detected temperature, and to be opened when the tem-
perature of the coolant becomes a predetermined tem-
perature or higher.

2. The coolant control valve apparatus according to claim

wherein

the engine cooling system includes at least one sub
channel that circulates the coolant between the engine
and a device requiring circulation of the coolant and

the main valve can control a flow rate of the coolant in the
sub channel.



